Acoustic noise is one of the most prevailing risk factors on the operators of construction, mining and agricultural machinery. Statistical data collected by State Labor inspectorate of Lithuania as well as in many other EU countries show that noise induced hearing loss (NIHL) is one of the common occupational diseases. These cases are linked to agricultural workers where noise related problems are primary. Therefore, this study includes noise level analysis in most common agricultural activities where self-propelled machinery is used. As more than 50 percent of all agricultural self-propelled machinery, namely tractors, under use in Lithuania are older than 20 years the purpose was to investigate acoustic climate in cabs. This study is based on the field data, collected from 50 agricultural tractors, manufactured since 1981. Results show that the noise lower exposure action value LEX,8h of 80 dB(A) is expected to be exceeded for the tractors manufactured before 1991 and mostly depends on construction of tractor cab but not on working hours. Data obtained in this study can be used for preliminary noise risk assessment of tractor operators.
INTRODUCTION
It has been recognized over time that noise, whole-body (WBV) and hand-arm vibration (HAV) are the major causes of discomfort for the drivers of various self-propelled machines and operators of hand-held equipment. Agricultural sector is one of those, where noise problems are of common interest, yet together with increasing demand of agricultural products number of agricultural machinery also increases. Fortunately technical progress has reached the level when noise and vibration levels at self-propelled agricultural machinery are reduced to acceptable level by using technical solutions such as cab suspension or damping construction of driver seats as well as noise absorbing materials for the noise reduction. Unfortunately, the process of renewal of agricultural machinery is still insufficient, yet there are still many old machinery in EU and other countries which lack vibro-acoustic comfort. Variation and tendencies of noise level Lp,A or noise exposure value LEX,8h in self-propelled agricultural machinery, namely tractors, was investigated by various researchers. Many studies have showed that exposure values as well as noise level in the cabs of agricultural tractors might be as high as 130 dB depending on activity and equipment used (Mehmet and IIker, 2004) . Broeste et al. (1989) investigated 31 tractor in his study and found that almost all of them exceeded the noise level of 85 dB(A). Similar research was also carried out by Aybek et al. (2010) , where they found that noise levels in the cabs of agricultural tractors during common agricultural operations might be as high as 110 dB(A). These results are in agreement with those, obtained by Baryeh et al. (2003) where 82% of all agricultural tractor drivers recognized noise problem as a main hazard on their health. This study also revealed the fact, that personal protective equipment used by operators reduced their ability to hear emergency and other signals and was one of the main factors why operators avoid wearing headphones.
Extended research of noise in tractor cabs was done by Holt et al. (2006) where noise levels of 155 tractors on 36 farms were studied. The range of noise levels at the driver's ear position with radios off and windows closed varied from 78 to 103 dB(A). Three quarters of tractors without cabs had noise levels in excess of 90 dB(A), compared to 18% of tractors equipped with cabs. These authors also identified significant add on noise level from radio (average of 3.1 dB) and from open windows (average of 4.2 dB). From the results of this study, authors recommend hearing protection when working time on a tractor with a cab approaches 3 to 4 hours and when time on a tractor without a cab approaches 1.5 to 2 hours. These results are well correlated to the findings made by Commonwealth of Australia in 2010 where was stated, that 50% of agriculture, forestry and fishery sectors' workers are irritated by noise while 36 % feel tiredness because of noise influence. Same study also states that only 72 % of all agricultural workers have and wear hearing protectors (Occupational noise-induced…, 2010).
Above presented results clearly correlates to medical studies, where noise induced hearing loss (NIHL) was investigated. Many studies have shown that long exposures to high noise or vibration levels can have adverse effects on human health while agriculture shows largest number of hearing loss amongst other occupations (Baker, 1993) . Solecki (2003) investigated occupational hearing loss amongst farmers and found, that 30 year exposure to daily noise levels might produce the hearing threshold shift by 5.5 dB and 14.5 dB together with age related hearing loss. NIHL is also one of the common occupational diseases registered in Lithuania (approx. 100 cases yearly).
These examples clearly show the necessity to pay special attention to noise problems in agriculture as well as in other sectors and to reduce negative effects on workers. The solution of these problems is usually implemented by reconstructing a particular workplace, shortening work shift duration, using personal hearing protection or applying technical noise reduction means. In 2004 British Health and Safety Executive (HSE) released a document for practical solutions to noise problems in agriculture, where discussed the relevancy of agricultural sector from the perspective of various agricultural activities, such as mobile and stationary machinery, husbandry and offered some case studies for possible noise reduction ways (Evans et al., 2004) . Similar document with practical implementation was also published by Butkus et al. (2005) in Lithuania with a special focus on noise risk assessment and methodology.
However, the use of technical solutions in used agricultural machinery or tractors usually meet practical and economical implementation problems. In the study of Evans (Evans et al., 2004) it was shown that noise absorbing materials could significantly decrease noise levels in tractor cabs which could be in the range 3-16 dB(A) at operator ear level. Such reduction could also decrease the 8 hour noise exposure action value LEX,8h up to 16 dB(A), but there is little to deter of such solutions other than price and labor expenditures.
It should be noted that above mentioned problems usually arise from machinery, which was produced few decades ago and does not apply to modern machinery. According to the data provided by the state enterprise Agricultural Information and Rural Business Centre, 1 June 2015, there were approx. 150000 wheeled tractors in Lithuania. Majority of them (>50 percent) are older than 20 years and lack of vibro-acoustic safety.
The manufacturer of any machinery should give information concerning the noise it produces. Desirous to minimize negative impact of noise on operator, noise exposure limit action value of 87 dB(A) was specified in EU directive 2003/10/EC, while EU Directive 2009/76/EC (Annex II) establishes that the maximum permissible noise level at the operator's ear position inside tractor cab is 86 dB(A). Modern machinery meets the requirements and offers even better acoustic comfort to operators, yet noise levels can be as low as 70 dB(A) in modern cabs.
The research goal was to determine the relationship between noise level and manufacturing year of agricultural tractors used in Lithuania.
METHODOLOGY
Noise exposure levels and its effects on workers' health are limited by legislation such as the EU directive 2003/10/EC "On the minimum health and safety requirements regarding the exposure of workers to the risks arising from physical agents (noise)". The requirements of this directive are transferred to the laws of EU member states and obligate the employers to assess the occupational risk and to foresee the possibilities to reduce noise risk on workers. However, the exposure to noise can have a number of physiological and psychological effects, therefore in situ analysis is usually required.
The The parameter LEX,8h is closely related to noise dose D. This means that exposure level of 85 dB(A) gives 100% noise dose. Any level above the value of 85 dB(A) in three decibel steps increases noise dose twice or reduces exposure duration twice.
In order to collect data in tractor cabs, acoustic measurements of overall noise level (A-weighted), noise spectrum levels Lp,i and Lc,peak levels were measured. Measurements were done according to the procedure used for occupational safety purposes, i.e. microphone of noise level meter was hold at the ear level on oriented towards tractors' front. Noise measurements were repeated three times and undertaken using a class 1 Brüel&Kjaer sound level meters type 2250 and 2270 and sound level meter DeltaOHM 2010. Total number of 50 tractors (which include MTZ, Belarus, T-150, T-25, John Deere, New Holland, Fendt, Zetor, Massey Ferguson, Claas and Deutz) was used for noise level measurements. Environmental conditions during measurements were as stated in EU Directive 77/311/EEC. Measurements were carried out at most frequent engine revolution speed of 1800 min -1 .
RESULTS
The results of noise measurements show wide variability of noise levels in cabs. As this investigation involved modern and used agricultural tractors, noise levels varied from 67.7 dB(A) to 94.7 dB(A) and LC,peak from 85 dB(C) to 119 dB(C) respectively. The tendency of noise level change clearly correlates to manufacturing year, i.e. the newer the tractor, the lower the level. Some authors usually discuss the influence of working hours on noise level in cabs, which is critical but not essential factor. Main reason of low noise level in cabs is mostly influenced by technical solution for noise and vibration reduction, such as damping construction of cab, good noise insulation because of sealing quality etc. These results also indicate lack of vibro-acoustic safety in old machinery which was made in Commonwealth of Independent States (CIS). Results of noise measurements as a dependence of manufacturing year is shown in figure 1 . Figure 1 . Sound pressure levels Lp,A and LC,peak in the cabs of tractors As seen in Figure 1 , exposure lower value of 80 dB(A) (when work shift duration is 8 hours) is expected not be exceeded if the tractor was manufactured later than 1991. This data might be useful in performing preliminary risk assessment of tractor drivers yet can give a guidelines for further actions. From the data presented above it can be concluded, that in Lithuania > 50 % of all tractors were manufactured earlier which means that operators of such tractors should reduce work time shift or to use hearing protection. Special attention should be addressed to the workplaces, when noise level exceeds the value of 87 dB(A) or these tractors were manufactured earlier than 1985. Noise exposure LEX,8h calculations for these levels are given in Table 1 . These results show, that for most noisy workplaces exposure lower value is exceeded in 16 minutes, while exposure limit value in less than one and half hour (Table 1) . In order to compare spectral differences which could justify significantly higher L(C) levels in cabs presented in Figure 1 , all investigated tractors were divided into two groups, i.e. those made to the year 2000 and those after. Figure 2 shows spectral levels and its deviations in 1/1 octave frequency bands. It can be concluded that largest differences were found at low and high frequency bands of 16 and 16000 Hz (21.3 and 18.3 dB respectively) while average difference in spectral levels was 13.4 dB. These results could be of interest from the perspective of preventative noise reduction actions such as cab insulation, structural noise reduction or others. As seen in figure 2 , there are no significant differences in spectral pattern of tractor noise of different years of manufacture. As we divided tractors to 2 groups, deviations in frequency bands are wide ranging but there is a tendency of dominant low and mid frequencies. However, there is a vast difference of ~20 dB between modern and used CIS made tractors.
CONCLUSIONS
1. Sound pressure levels as well as exposure levels in tractor cabs at ear level were in a decreasing trend as manufacturing year increased. Average decrease of ~1 dB/year in noise level was noticed. 2. Spectral analysis of noise level in tractor cabs show that low frequency noise (16-125Hz) is dominant in tractor cabs.
Spectral pattern does not depend on manufacturing year, except that noise levels of tractors, manufactured after year 2000, in frequency bands are on average 13.4 dB lower which gives significant improvement on noise exposure levels. 
